Previous studies have established the existence of a large-scale teleconnection between ascent in the South Asian Summer Monsoon and subsidence over the Mediterranean (known as "the monsoon-desert mechanism"). Improving the representation of this mechanism could potentially improve the skill of seasonal forecasts for European summer weather patterns. In this study, the impact of air-sea coupling on the NH summer climate and the representation of the monsoon-desert mechanism is analysed in two 45-year experiments with the Met-Office Unified Model. In the first coupled experiment, the atmosphere is allowed to freely interact with a high-vertical-resolution mixed-layer ocean model. The diagnosed daily SSTs from this experiment are then used to force an atmosphere-only uncoupled experiment. The two experiments have a similar mean state, but the coupled experiment has a substantially more realistic representation of interannual precipitation variability over the Indian Summer Monsoon region. The coupled experiment can capture the observed westward propagating Rossbywave trains excited by the Indian Summer Monsoon, while in the uncoupled experiment the Rossby-wave response is more local. It is shown that in the coupled experiment more moisture is transported inland and monsoon precipitation reaches further north, which favours westward Rossby wave propagation. Finally, evidence is shown that the coupled experiment can capture the observed interannual relationship between the Indian Summer Monsoon precipitation and precipitation over the Balkans/Black Sea region.
Introduction
Since the pioneering work of Bjerknes (1964 Bjerknes ( , 1972 and Wyrtki (1973 Wyrtki ( , 1974 , there is now substantial evidence that the representation of air-sea interactions is essential to capturing a large range of atmosphere and climate phenomena in climate models. In the tropics, a good representation of air-sea interactions has proved essential for capturing the atmospheric variability over the Pacific Ocean (Wu and Kirtman 2005; Wang et al. 2005) , the observed sea surface temperature (SST)-rainfall relationship (Rajendran and Kitoh 2006) , as well as for improving the simulation of the Madden-Julian Oscillation (MJO) (Woolnough et al. 2007; DeMott et al. 2014 ). In the extratropics, high-frequency SST variations are primarily driven by atmospheric circulation and the atmospheric response to SST is relatively shallow and weak (e.g., Hoskins and Karoly 1981) . However, recent analyses using high-resolution satellite observations and numerical models suggest that extratropical SST, and in particular changes on SST gradients, have an impact on the extratropical atmospheric circulation, both in winter (e.g. Xie 2004; Nakamura et al. 2008; Woollings et al. 2008; Wills et al. 2016 ) and in summer (Sutton and Hodson 2005; Sutton and Dong 2012; Dong et al. 2013; Ossó et al. 2018) .
Air-sea interactions are also essential to realistically represent interannual variability. SST has long been recognized as a critical driver of interannual tropical variability, both in models and observations (Graham et al. 1993; Lau and Nath 1994; Trenberth et al. 1998; Wallace et al. 1998; Sutton and Hodson 2003) . To assess the importance of these drivers, a common modelling approach is to force an atmospheric general circulation model (AGCM) with observed SST (e.g., Gates et al. 1999 and reference therein) . This approach, although highly valuable, has the caveat of suppressing the atmospheric feedback onto the SSTs, which in some areas can lead to important biases (Kitoh and Arakawa 1999; Lau and Nath 2000; Wu and Kirtman 2004; Wu and Kirtman 2005) . In particular, coupled climate models have been shown to perform better in simulating the Indian Summer Monsoon (ISM) variability than atmosphere-only models with prescribed SSTs (Krishna Kumar et al. 2005 ).
An additional question is the potential impact of air-sea interactions on the representation of tropical-extratropical teleconnections. Such teleconnections have been extensively studied in the context of the tropical MJO and the wintertime North Atlantic Oscillation (e.g., Cassou 2008) and for the impact of ENSO on the wintertime mid-latitude circulation (e.g., Ineson and Scaife 2009) . However, the impact of air-sea interactions on important NH summer teleconnections such as the monsoon-desert teleconnection (Rodwell and Hoskins 1996) have received less attention. Rodwell and Hoskins (1996) (hereafter RH96) used an idealized model to show that remote diabatic heating in the ISM forces a westward propagating Rossby wave that interacts with the southern flank of the mid-latitude westerlies. This interaction causes descent over the eastern Sahara and the Mediterranean, exacerbating the warm and dry conditions over this area during summer. This mechanism is referred to as the monsoon-desert teleconnection. Further evidence of the existence of this teleconnection has been found in atmospheric reanalysis data (Tyrlis et al. 2013 ). In addition, Cherchi et al. (2014) analysed the ability of the CMIP5 models (Fifth Coupled Model Intercomparison Project) to represent the physical mechanisms involved in the monsoon-desert teleconnection. They showed that most CMIP5 models underestimate the ISM-related diabatic heating at upper levels, while they over-estimate it at lower levels, resulting in a weaker forced response and weaker descent over the Mediterranean.
This study aims to investigate the impact of air-sea interactions on the NH summer atmospheric mean state, interannual variability, and the monsoon-desert teleconnection. The paper is organized as follows: Sect. 2 describes the model, observational data and methods. Section 3 describes the effects of coupling on the mean state and interannual variability of the atmosphere. Section 4 analyzes the impact of air-sea interactions on tropical precipitation. Section 5 explores the impact of air-sea coupling on the model representation of the monsoon-desert teleconnection. A summary is provided in Sect. 6.
Model, data and methods

MetUM-GOML1 model description and experimental design
The coupled simulation was carried out using the Global Ocean Mixed Layer coupled configuration version 1 of the Met Office HadGEM3 Unified Model (MetUM-GOML1; Klingaman et al. 2011; Hirons et al. 2015) , comprising the Met Office HadGEM3 Global atmosphere 3.0 (Arribas et al. 2011; Walters et al. 2011) coupled to the Multi-Column K Profile Parameterization (KPP) ocean. MetUM-GOML1 provides a high-resolution, vertically resolved upper layer ocean model with limited computational cost (since there is no representation of horizontal ocean dynamics). This allows long climate integrations with a high-frequency coupling (the atmosphere and ocean are coupled every 3 h) to be performed with reasonable computing costs. Furthermore, the MetUM-GOML1 model can be constrained to any desired ocean climatology by prescribing depth-varying temperature and salinity tendencies representative of the mean ocean advection. This methodology has the advantage of ensuring that the coupled model has very small SST biases compared with a fully coupled AOGCM (Hirons et al. 2015) . Temperature and salinity tendencies are calculated by strongly relaxing a MetUM-GOML1 simulation (hereafter Exp0) to a 3D monthly mean ocean analysis averaged over 1994-2011 from the Met Office ocean analysis (Smith and Murphy 2007) . We then performed a 50-year long MetUM-GOML1 coupled experiment where the atmosphere is allowed to freely interact with the mixed-layer KPP ocean model. MetUM-GOML1 is forced with ocean tendencies from Exp0, and the greenhouse gases concentrations, aerosols emissions, and sea-ice concentration averaged over the period 1994-2011. Finally, daily SSTs diagnosed from the coupled experiment are used to force another 50-year atmosphere-only experiment using the HadGEM3. External forcing (GHGs, aerosols, etc.) in the atmosphere-only uncoupled experiment are prescribed in the same way as in the coupled experiment. Detailed experiment designs were documented in Dong et al. (2017) . The first 5 years of each experiment are discarded and only the last 45 years are used in the analysis.
Observational data
To evaluate the model experiments, we use monthly-mean SST from the HadISST dataset for the 1994-2011 period (Rayner et al. 2003) . Monthly-mean 250 hPa geopotential height (Z 250 ), zonal (U) and meridional (V) wind output at 250 hPa and 925 hPa is obtained from the ECMWF Interim Reanalysis (ERA-Interim) for the 1979-2015 period (Dee et al. 2011 ). Finally, monthly-mean rainfall data for the same period is obtained from the Global Precipitation Climatology Project (GPCP) version 2.2 (Adler et al. 2003 ).
Methods
All results are based on the monthly-mean output from the model and observational datasets. June-July-August (JJA) mean anomalies of Z 250 , U, V, SST and precipitation are calculated by subtracting the corresponding long-term mean seasonal cycle from the data. The observational data (ERA-Interim and the GPCP dataset) are linearly detrended to remove the influence of the trends in the results. Interannual variability is represented as the standard deviation of the corresponding JJA anomalies. To test whereas a difference in the standard deviation is statistically significant, we use the non-parametric Ansari-Bradley test (Ansari and Bradley 1960; Lunneborg 2005) with the null hypothesis that the variances are equal. This test has the advantage of not assuming the data to be normally distributed. Finally, the statistical significance of linear regression and correlation coefficients are assessed using the methodology outlined by Santer et al. (2000) that accounts for the autocorrelation of the time series. In all statistical tests, a 95% significance level is used.
Results
In Sect. 3.1 we analyse the impacts of air-sea interactions on the representation of the atmosphere mean JJA state. The impact of air-sea interactions on the interannual variability is assessed in Sect. 3.2.
3.1 Impact of air-sea interactions on the JJA climatological mean state Figure 1 shows the JJA climatological mean patterns of precipitation and U 250 for the ERA-Interim and GPCP data ( Fig. 1a) , the coupled (Fig. 1b) , and the uncoupled experiment (Fig. 1c) . Model biases of SST, precipitation and U 250 are shown in Fig. 2a , c, e for the coupled experiment and in Fig. 2b , d, f for the uncoupled one. By construction (see Sect. 2.1), both experiments have the same mean SST biases. In general, SST biases in the model simulation are much smaller (typically within ± 0.5 °C) than those in CMIP5 models (Wang et al. 2014 ). However, they are some relative large biases in midlatitudes, characterized by cold anomalies of about 0.4-0.8 °C over the North Atlantic and western North Pacific and warm anomalies of ~ 0.4 °C over the subpolar gyre of the North Atlantic (Fig. 2a, b) . The precipitation biases are similar between the coupled and uncoupled experiments. Both exhibit wet biases over the equatorial Indian Ocean, the Pacific Ocean ITCZ and the Caribbean Sea in JJA. Dry biases are seen over the Indian continent and the southern tropical Indian Ocean (Figs. 2c, d) . Similar annual mean biases in precipitation have been reported in the MetUM-GOML1 model (Klingaman et al. 2011 ) and have been attributed to a long-standing issue of the MetUM (e.g., Hewitt et al. 2011 ) that is also present in most of the CMIP3 (Kripalani et al. 2007 ) and CMIP5 models (Ringer et al. 2006; Sperber et al. 2012; Preethi et al. 2017) . Both experiments exhibit a westerly wind bias in the upper troposphere between 10°N-20°N in the Central Pacific and in the Caribbean Sea that extends across the tropical Atlantic in the coupled experiment (Figs. 2e, f) . This wind bias is probably associated with the excessive precipitation over the tropical western Pacific shown in both experiments ( Fig. 2c, d ). The North Atlantic eddy-driven jet is biased poleward (about 7.5° for the coupled experiment and 5° for the uncoupled one) (Fig. 2e , f). The eddy-driven jet bias might be associated with extratropical SST biases that show cold anomalies along the Gulf Stream and warm anomalies over the North Atlantic subpolar gyre (Fig. 2a, b) resulting in a weaker meridional SST gradient than in observations. A weak meridional SST gradient during summer in the North Atlantic has been associated with a poleward displacement of the jet (e.g., Gastineau and Frankignoul 2015; Ossó et al. 2018 ). The eddy-driven jet in North East Asia is also biased poleward in both experiments (about 2.5° in the coupled experiment and about 5° in the uncoupled experiment ( Fig. 2e, f) . Overall, the biases of MetUM-GOML1 are of similar magnitude to those generally found in most of the state-of-the-art climate models (e.g., Randall et al. 2007; Bader et al. 2008) .
To determine the impact of air-sea interactions on the representation of the atmospheric JJA mean state in MetUM-GOML1, Fig. 3a shows the difference in Z 250 and precipitation between the coupled and uncoupled experiments, while Fig. 3b shows the differences in U 250 . The spatial pattern of JJA precipitation is similar between the two experiments, but some differences in magnitude are apparent (Fig. 3a) . The JJA precipitation across the tropics is generally lower in the coupled experiment, but the differences are statistically significant only in a few regions. For example, in the coupled experiment the precipitation is approximately 10% lower over Tropical Africa and about 5% lower over North India. In contrast, precipitation over the Maritime (MC) continent is about 5% higher.
The coupled experiment exhibits lower Z 250 than the uncoupled experiment across most of the tropical and subtropical NH. The differences in the Atlantic U 250 (Fig. 3b) are consistent with Z 250 , showing upper-level westerly anomalies in the tropics, a weakening of the westerlies around 45°N and a strengthening around 65°N. These features are consistent with a poleward displacement of the extratropical eddy-driven jet. A vertical profile of the zonal mean zonal wind (figure not shown) indicates a weakening of the Hadley Circulation in the coupled experiment relative to the uncoupled experiment. The reduction in the strength of the Hadley Circulation and the associated zonal wind changes are consistent with air-sea interactions tending to dry and cool the lower tropical troposphere possibly as a result of slightly shallower convection (Hirons et al. 2015) . The displacement of the eddy-driven jet in the coupled experiment may be related to difference in the mean values and variability of tropical precipitation between the coupled and uncoupled experiments. Figure 4 shows the standard deviation of seasonal-mean (JJA) precipitation and Z 250 anomalies for the observations (Fig. 4a) , and the coupled and uncoupled experiments (Figs. 4b, c respectively) . Differences between the coupled and uncoupled experiments are shown in Fig. 5 . In the NH tropics, sea-air interactions result in much weaker interannual JJA precipitation variability. The reduction is particularly large in the areas of the ISM, the MC and off the coast of Central America and West Africa, where the interannual variability of precipitation in the coupled experiment is about half the size that in the uncoupled one (Fig. 5) .
Impact of sea-air interactions on JJA interannual variability
In the extratropics, the patterns of Z 250 variability are similar between the coupled and uncoupled experiments, exhibiting both two maxima located near the exit regions of the North Atlantic and North Pacific eddy-driven jets (Fig. 4) . However, there are some significant differences between the two experiments. Firstly, the North Atlantic maximum in the coupled experiment is centered over north-western Europe, suggesting that eddy-driven jet variability might be larger at the jet exit region, while in the uncoupled experiment the maximum is zonally elongated over the North Atlantic and centered further west, suggesting more longitudinal coherent Atlantic eddy-driven jet variability. Figure 5 shows that the Z 250 variability in the coupled experiment is stronger over the North Pacific Ocean, northern Europe and to the east of Greenland (not statistically significant) and weaker over Northern Canada and West of the UK. This might suggest an increase of the blocking frequency in these regions. Hirons et al. (2015) showed that including air-sea coupling does indeed increase the frequency of blocking in spring to the east of Greenland and improves the agreement with observations. Finally, Z 250 interannual variability over the Mediterranean area is significantly smaller in the coupled experiment. A PDF of the Z 250 anomalies over the Mediterranean (not shown) shows a decrease of both positive and negative extreme anomalies in the coupled experiment relative to the uncoupled experiment. This reduction could be the consequence of air-sea interactions tending to reduce the intensity of Mediterranean convection in a similar way as in the tropics. Figure 6 shows the biases of the standard deviation of seasonal-mean (JJA) precipitation and Z 250 anomalies for the coupled (Fig. 6a) and uncoupled (Fig. 6b) experiments against the ERA-Interim and GPCP datasets. In the uncoupled experiment, the interannual precipitation variability over the Indian subcontinent, the tropical Indian Ocean, the South China Sea, and the West Tropical Pacific Ocean is approximately two times larger than in the observations. In contrast, the biases in interannual precipitation variability in the coupled experiment are much smaller, with almost no statistically significant bias in the above areas. The reasons for the difference between the coupled and uncoupled experiment will be explored in the following section. Finally, Fig. 6 shows that both experiments underestimate the Z 250 variability over the northeast Atlantic and the North Pole and overestimate it near the south coast of Alaska.
Tropical SST-precipitation covariance
To gain further insight into the impact of air-sea interaction on precipitation, this section investigates how air-sea interaction affects the SST-precipitation covariance of the two experiments. Hirons et al. (2018) used a similar configuration of the MetUM-GOML1 to investigate the impact of air-sea interactions on intraseasonal variability. Their results show that air-sea interactions damp the extreme tropical precipitation response to a given SST anomaly. They suggest that the damped response is due to a negative local thermodynamic feedback in the coupled system through convection, surface fluxes, and SST: An increase in SST intensifies convection, which increases the fluxes out of the ocean cooling the initial SST and damping convection. Another negative feedback by which air-sea interactions may also damp local precipitation is via changes in cloud cover: an increase in SST intensifies convection, which increases cloud cover that reduces the amount of radiation reaching the surface and cooling the first SST anomaly. One way to analyse a possible ocean impact on precipitation is by calculating the correlation pattern between the local SST and precipitation anomalies. In this analysis, a positive correlation between precipitation and SST suggests that the SSTs are forcing the atmosphere, while a negative correlation would suggest that the atmosphere is forcing the SSTs (e.g., Wang et al. 2005) .
Following this methodology, we examine local correlations between JJA precipitation and SST anomalies for the observations and the coupled and uncoupled experiments (Fig. 7a-c respectively). Large and statistically significant negative correlations are apparent in both the observations (Fig. 7a ) and the coupled experiment (Fig. 7b) around the western Pacific Ocean, suggesting that over these areas the atmosphere is locally forcing the SSTs. These are areas of warm SSTs and vigorous deep convection where SST anomalies can induce a strong atmospheric response that can feedback onto the local (for example, through the negative feedbacks discussed above) and near SSTs via large-scale subsidence. The subsidence suppresses convection and favors clearer skies leading to increased surface shortwave and hence warmer SSTs. These tropical areas characterized by negative correlations are not apparent in the uncoupled experiment (Fig. 7c) which correlation pattern is positive almost everywhere. Large negative correlations in the observations (Fig. 7a) are apparent as well along the Pacific and Atlantic storm track, indicating the feedbacks of storm track variability on the ocean. The coupled experiment also exhibits negative correlations along the storm track (Fig. 7b) , although the magnitude is smaller than in the observations.
The monsoon-desert teleconnection
This section investigates the impact of air-sea interactions on the representation of the monsoon-desert teleconnection found in RH96 (Sect. 5.1). In Sect. 5.2 the climate impacts of the Indian Monsoon over Europe are analysed. Figure 8 shows JJA Z 250 regressed against a JJA precipitation index representative of monsoon precipitation for the observations, the coupled and uncoupled experiments (Fig. 8a-c respectively) . The index is calculated by averaging the JJA precipitation for the observations and the model experiments over a box centred in the Bay of Bengal (70°E-105°E, 8°N-35°N ). Note that the regression patterns shown in Fig. 8 are largely insensitive to the exact definition of the chosen box. Figure 8a indicates that the observed Indian monsoon precipitation is significantly associated with anticyclonic anomalies that extend from the Azores region to the Caspian Sea. This is consistent with the arguments of RH96, i.e., that diabatic heating over the Indian subcontinent excites a westward propagating stationary Rossby Wave, which interacts with the subtropical jet and induces descent over Persia and the Eastern Mediterranean. Figure 8b indicates that the monsoon-desert teleconnection is well represented in the coupled experiment. However, the response in the uncoupled experiment (Fig. 8c) is much more local and does not capture the magnitude of the observed teleconnection over the Eastern Mediterranean. The structures of midlatitude regression patterns in Fig. 8 are also different. Although these differences are not statistically robust, their influence on the monsoon itself cannot be discarded entirely. RH96 suggested that enhanced descent west of the Iberian Peninsula and over the East Mediterranean is a key fingerprint of the desert-monsoon teleconnection. Figure 9 shows the vertical velocity at 500 hPa regressed against the JJA precipitation index for the observations (Fig. 9a) , the coupled (Fig. 9b ) and the uncoupled (Fig. 9c) experiments. Consistent with the areas identified by RH96, the observations exhibit enhanced decent to the west of the Iberian Peninsula and over the eastern Mediterranean region. A similar pattern is apparent for the coupled experiment in Fig. 9b , although the descent over the eastern Mediterranean region is located slightly poleward, consistently with the poleward jetstream bias of the experiments. In the uncoupled model, the descent is weaker, not statistically significant and confined over the eastern Mediterranean region.
The impact of air-sea interaction on the monsoon-desert teleconnection
A key question is why are air-sea interactions improving the model representation of the monsoon-desert teleconnection? Figure 10 displays the spatial pattern of divergence at 150 hPa regressed against the JJA precipitation index used in Fig. 8 for the observations (Fig. 10a) , the coupled (Fig. 10b ) and the uncoupled (Fig. 10c ) experiments and the difference between them (Fig. 10d) . The divergence anomaly east of North India and the North Bay of Bengal is substantially larger (about 50% over Northeast India) in the coupled than in the uncoupled experiment, while in the uncoupled experiment the divergence anomaly is much larger over the ocean in the Bay of Bengal and the Philippines. Strong divergence inland is critical since to induce Rossby wave propagation to the west, the upper-level divergence field associated with the ISM has to interact with the westerly jet upstream (RH96). The implication is that the divergence field associated with the ISM in the coupled experiment is more favourable for inducing westward Rossby wave propagation than it is in the uncoupled one. Figure 11 shows the anomalous low-level wind and SST patterns linearly regressed onto the monsoon precipitation for the observations (Fig. 11a) , the coupled (Fig. 11b ) and the uncoupled (Fig. 11c) experiment. Figure 11a , b show that monsoon precipitation is associated with an enhancement of the summer monsoonal low-level circulation and enhanced easterlies over the Maritime Continent both in the observations and in the coupled experiment. This circulation pattern gives rise to low-level convergence over Northeast In the uncoupled experiment, the enhancement of the summer monsoonal low-level circulation is also apparent, but enhanced low-level westerlies instead of easterlies are seen over the Bay of Bengal and the Maritime Continent. This circulation pattern results in a reduced low-level convergence over northeast India. Moreover, monsoon precipitation in the uncoupled experiment is associated with a warm SST anomaly over the Bay of Bengal instead of a cold anomaly as in the observations and the coupled experiment. As seen in Fig. 7a, b , both the observations and the coupled experiment exhibit negative correlations between precipitation and SSTs over the Bay of Bengal suggesting air-sea interactions act as a negative feedback on precipitation.
However, in the uncoupled experiment the correlations are positive (Fig. 7c) and the direct link between the warm SST anomaly and precipitation results in too strong rainfall over the Bay of Bengal (see also the upper-level divergence anomaly in the Bay of Bengal in Fig. 9 ). Too strong rainfall over the Bay of Bengal in the uncoupled experiment appears to be associated with reduced rainfall and upper-level divergence over North East India and the North Bay of Bengal and thus with less favourable conditions for inducing an offequatorial westward Rossby Wave response. Figure 12 shows JJA mean precipitation anomalies regressed against the precipitation index of Fig. 8 for observations (Fig. 12a) , the coupled (Fig. 12b) and the uncoupled experiments (Fig. 12c ). There are two broad areas with lower precipitation over the Balkans/Black Sea and off the coast of Portugal in the observations and the coupled experiment. These two regions are collocated with the two centres of descent identified in Fig. 9 . The magnitudes of the corresponding correlations (figure not shown) over the Balkans/ Black Sea region are particularly notable (r > 0.6). Over this area, the monsoon precipitation accounts for about 40% of the interannual precipitation variability. This result suggests that a good model representation of this teleconnection could be critical to improving the seasonal precipitation forecasts over this area. To investigate influences from other tropical regions, we have regressed seasonal mean rainfall anomalies against seasonal-mean rainfall anomalies averaged over other areas with strong tropical precipitation such as the Caribbean Sea, the Tropical Atlantic, and the Central and East Pacific Ocean (not shown). No other region besides the Indian monsoon region significantly correlates with the precipitation over these two areas. However, the impact of some other extratropical forcing suppressing the precipitation over these two areas could not be discounted entirely.
Climate impacts of the Indian monsoon over Europe
Summary
In this study, we have assessed the impact of air-sea interactions during summer on the atmospheric mean state, interannual variability and the monsoon-desert teleconnection by analyzing two 50-year experiments with the MetUM-GOML1 coupled atmosphere-ocean mixed layer model. The main findings of this study are:
• The coupled experiment has a substantially more realistic representation of interannual precipitation variability. Suppressed air-sea interactions in the uncoupled experi- ment result in large biases of interannual variability of precipitation. In the uncoupled experiment the precipitation variability over the summer monsoon regions of southern Asia, the Philippine Sea, and off the coast of Central America and West Africa is about two times larger than observed.
• Including air-sea interaction results in a more realistic representation of the monsoon-desert teleconnection. Both the observations and the coupled experiment exhibit higher precipitation and associated upper-level divergence over Northeast India. These conditions are more favourable to westward Rossby wave propagation (RH96). In the uncoupled experiment, the inland Indian precipitation and associated upper-level divergence is much weaker, which appears to be associated with warm SST anomaly and enhance precipitation over the ocean in the Bay of Bengal, which is not seen in the observations or the coupled experiment.
• Both the observations and the coupled experiment exhibit a robust interannual relationship between the ISM associated precipitation and precipitation over the Balkans/ Black Sea region. Strong ISM precipitation is related with a notable reduction of precipitation over this area. Overall, the ISM precipitation is shown to account for about 40% of the interannual summer precipitation variability over this area.
A good representation of this teleconnection in climate models may be of importance for seasonal, and future climate projections since changes in the ISM have the potential to exacerbate the warm and dry conditions over the Mediterranean during summer. Further research directions include investigating the impact of North Atlantic variability on the monsoon-desert teleconnection. It is plausible that by modifying the downstream flow, the state of the Atlantic Ocean could influence the propagation of the ISM-forced Rossby wave.
